Abstract: A series of 14-aryl-14H-dibenzo[a, i]xanthene-8,13-diones was synthesized by the onepot condensation of β-naphthol, aldehydes and 2-hydroxy-1, 4-naphthoquinone under solvent-free conditions in the presence of р-toluenesulfonic acid. This method has the advantages of high yield, clean reaction, simple methodology.
Introduction
Xanthenes and benzoxanthenes are important biologically active heterocycles because of their wide range of biological and pharmaceutical properties, such as agricultural bactericide activity 1 , anti-inflammatory 2 and antiviral activity 3 . They have also been used for photodynamic therapy 4 , used as dyes 5 and in laser technologies 6 . Many synthetic methods exist for the synthesis of xanthenes and benzoxanthenes, which include the cyclocondensation reaction of 2-hydroxyaromatic aldehydes and 2-tetralone 7 , the reaction of benzaldehydes and acetophenones 8 and the condensation of β-naphthol with alkyl or aryl aldehydes 9 . 2-Hydroxy-1, 4-naphthoquinone has been employed as a synthetic intermediate for the preparation of numerous heterocyclic compounds with interesting biological properties [10] [11] [12] . Compounds containing heterocyclic quinone group represent an important class of biologically active molecules 13 . Herein, 2-hydroxy-1, 4-naphthoquinone, β-naphthol and aldehydes were used as raw material to synthesize 14-aryl-14H-dibenzo[a, i] xanthene-8, 13-dione. According to current report, the reaction has been improved in the presence of a catalyst, such as poly(4-vinylpyridinium) hydrogen sulfate 14 , silica supported perchloric acid 15 , silica chloride 16 , xanthan sulfuric acid 17 , acetic acid 18 and Amberlyst-15 19 . However, these methods show varying degrees of success as well as limitations such as low yields, use of toxic or expensive reagents/catalysts, laborious work-up procedures, the requirement of special apparatus, or harsh reaction conditions. Thus, the development of an RESEARCH ARTICLE alternate milder and clean procedure is highly demanding for the synthesis of 14-aryl-14H-dibenzo[a, i]xanthene-8, 13-dione. Considering the above reports, our program aimed at developing selective and simple methodologies for the preparation of14-aryl-14H-dibenzo[a, i] xanthene-8, 13-diones. In this paper, a simple and efficient route using р-toluenesulfonic acid as catalyst under solvent-free conditions is developed (Scheme 1).
Experimental
All reagents were of analytical grade and purchased from Sinopharm Chemical Reagent Co. Ltd, and were used without further purification.
General procedure for the synthesis of 14-aryl-14H-dibenzo[a, i]xanthene-8, 13-diones
A mixture of β-naphthol (5 mmol), aldehyde (5 mmol), 2-hydroxynaphthalene-1, 4-dione (5 mmol) and р-toluenesulfonic acid (0.5 mmol) was finely mixed together and heated at 120 °C. The reaction was monitored by TLC. After completion, the reaction mixture was washed with ethanol and water. Further purification was followed by crystallization from ethanol.
All the products are known compounds. The desired pure products were characterized by spectral (IR, 1 H and 13 C NMR) and analytical data, and by comparison of their physical and spectral data with those of known benzoxanthenes 13,14 .
14-Phenyl-14H-dibenzo[a, i]xanthene-8, 13-dione ( 
Results and Discussion
Initially, in search of an effective catalyst, various sulfonic acids were tested as catalysts for the three-component reaction of β-naphthol, 2-hydroxy-1, 4-naphthoquinone and benzaldehyde (Table 1) . When the reaction was performed in the presence of sulfonic acids, it proceeded mildly and rapidly to give the desired product in high yields, р-toluenesulfonic acid was found to be the most efficient catalyst compared with other organic sulfonic acids, and aminosulfonic acid exhibited moderate catalytic properties. In addition, it was also found that no conversion to 14-phenyl-14-aryl-14H-dibenzo[a, i]xanthene-8, 13-dione occurred without catalyst. -120 -With this optimized procedure in hand, a range of 14-aryl-14H-dibenzo[a, i]xanthene-8, 13-dione derivatives was synthesized by the one-pot condensation of β-naphthol, aldehydes, and 2-hydroxy-1, 4-naphthoquinone under solvent-free conditions. The reaction proceeded at 120 °C about 1 h in excellent yields (Table 2 ) after the addition of the catalyst р-toluenesulfonic acid (10 m%). Although the detailed mechanism of the above reaction remains to be fully clarified, a reasonable possibility is shown in Scheme 2. The reaction proceeds via a reaction sequence of condensation, addition, cyclization and dehydration. First, a proton from р-toluenesulfonic acid is donated to the oxygen atom of the aldehyde. Next, the carbonyl carbon is attacked by the nucleophilic β-naphthol (1) to form ortho-quinone methide intermediate (2) . Subsequent Michael addition to the ortho-quinone methide with nucleophile followed by addition of the phenolic hydroxyl moiety (3) to the carbonyl of ketone provides cyclic hemiketal (4) which on dehydration gives rise to the desired xanthene derivatives (5). 
Conclusion
A series of 14-aryl-14H-dibenzo[a, i]xanthene-8,13-diones was efficiently synthesized by the one-pot condensation of β-naphthol, aldehydes and 2-hydroxy-1, 4-naphthoquinone under solvent-free conditions in the presence of р-toluenesulfonic acid. In summary, a simple work-up procedure, short time, and good yields make our methodology a valid contribution to the synthesis of 14-aryl-14H-dibenzo[a, i]xanthene-8, 13-dione.
